Abstract: Designing manufacturing systems have been a great concern since the past and due to the increase of the global competitions and quick technological advancements, this issue has found a greater significance and has become one of the managers' greatest concerns and challenges. One of the most important problems in production lines is their lack of balance which leads to the inefficiency of the manufacturing system. This lack of efficiency causes the increase of the production cycle and idle time, which can cause the increase of production rate, transportation and waiting-time, and system cost. In this research and in order to analyse the manufacturing system which is under study, simulation and multi-criteria decision-making tools are applied. In fact, the managers at first determine the improvement options. Then their decision making criteria of interest are selected and finally the optimum solutions are looked for among the proposed combinatory options. In this study, each proposed combinatory option is analysed via simulation tools, the results of each decision-making criterion are evaluated through TOPSIS method and the best ones are selected to improve the efficiency of the manufacturing system. Keywords: simulation; assembling line; ARENA software; multi criteria decision making; TOPSIS.
Introduction
In order to stay in the today's competitive world, the organisations require a dynamic and an optimised manufacturing system to meet the changing needs of the customers in the least possible time (Wang et al., 2011) . One of the deterrent factors that the companies are faced with is the efficiency of the production line. Therefore, various techniques are applied to improve the processes. The main purpose of applying such methods is the production efficiency increase, time reduction in the process trends and flow, better application of the human workforce and machineries, and reducing their idle time, and the proper prioritisation of the activities. Designing manufacturing systems have been a great concern and due to global competition increases and quick technological advancements, this issue has become more significant. A manufacturing system performs a set of various operations to generate a product and it includes a number of working stations that are linked together, a transportation system and the assembling instructions. For some systems, it is possible to manually or mathematically determine the optimum production planning, but in complex systems, the possibility of such methods is not provided. So it is obliged to apply computerised simulations (Dengiz et al., 2006) .
The assembling processes are among the issues present in manufacturing processes and they play a great role and many production lines of the factories are just in the assembling format. Generally, the assembling is attributed to a set of processes in which the pre-fabricated parts are mounted together. As it was said earlier, assembling is widely applied in industries and those machineries and human workforce with probable performances are applied. Therefore, as the simulations are able to deal with such issues, they can help improving and studying the system functions (Ali and Seifoddini, 2006) .
In the development of the organisations, more complex systems are generated and accordingly, their management, supervision and control have become more difficult. Because of the counteractive in fluencies of various parts of the systems on each other, the simulations help manager and engineers to properly analyse the systems. Simulations are in fact the modelling of a system with the aim of determining the real behaviour of that system (Banks et al., 1996) . Computerised simulations can be applied to model and properly analyse the functions of the manufacturing systems. The designers of the simulation models can predict the disorders and malfunctions of the manufacturing system and propose some suggestions to prevent such problems. They can also define an optimum solution for the system. The importance of such a model is revealed when by applying such a model, the features and needs of the manufacturing system is determined for the future (Azade et al., 2011) . Many different soft wares could be applied for the computerised simulations; among the most popular ones is ARENA. This software at first provides a graphical representation of the real processes of a system and the components which are flowing in this model, regenerate the behaviour of the components in the real system (Carotenuto et al., 2011) . ARENA software is used for the modelling and simulation of the systems and various processes of different applications (Persson and Araldi, 2009) .
Researchers have applied simulation techniques which are one of the most popular quantitative tools because of their problem solution simplicity, providing solutions closest to the optimum ones, easy analyses and the possibility of comparing different proposed options. The purpose of this study is selecting an optimum solution among the proposed ones to minimise or maximise the decision-making criteria. To do so, ARENA software is applied in this study to realise the present functions and simulate the functions after some changes have been done. Then some strategies are offered based on the present barriers to meet the problems and those options are prioritised with TOPSIS to select the optimum and desired options. In Section 2 of this study, the review of literatures is presented. In Sections 3 and 4, the simulation and TOPSIS techniques are expressed. Section 5 deals with the methodology in seven steps and finally, Section 6 concerns with the discussion and conclusions. Agnetis et al. (1995) have applied exact methods to solve the problem of assembling-line balance and equilibrium and by providing exact and optimum solutions they have made their present system improved. In another study, Miller and Pegden (2000) have evaluated and applied the simulations in designing manufacturing systems and operation scheduling. Koulamas and Kyparisis (2001) have considered the workshop scheduling problem in three-step assembling with the aim of minimising the maximum time of the operations completion and they have analysed the problem with different heuristic algorithms. A research regarding the artificial intelligence and simulation for production line optimisation was performed by Viharos and Monostori (2003) . They have evaluated the application of these two methods to improve the efficiency and productivity of a wood cutting mill and they concluded that the optimum and proper combination of the resources and facilities of the organisations via genetic algorithm. Ertek and Turkseven (2003) have evaluated the application of the simulation in estimation and improvement of the quality and productivity of a cable and wire manufacturing factory. In order to review and analyse the production line capacity of a factory involved in manufacturing and assembling the motorbike, Gujarathi et al. (2004) have applied the simulations. They increased the production capacity to 435 units by the proposed strategies which caused the benefit of the factory to increase about 32%. Na et al. (2009) revealed the simulation techniques and their efficiency widely in manufacturing departments, especially in scheduling and planning of transportation systems. In another research by Choong and Careen (2009) , the evaluation and improvement of the loading and unloading systems of a manufacturing department was done via simulations and ARENA software. They proposed some improvement scenarios to meet the present problem of the system and via the simulations they selected the best solutions which decrease the customers' waiting time about 65%. Das et al. (2010) simulated an assembling line to determine the probability density function of the activities performance time. In this assembling line there are six working stations. Two exponential and normal functions are considered and their advantages and disadvantages are expressed. In another research, Mahdavi et al. (2010) proposed and provided a supportive system for production controlling decisions which was based on simulations, and applied their system in a flexible, probable manufacturing workshop centre. The designed controlling approach is based on the governance control theory and is reviewed with discontinuous-incident simulation. The proposed model was applied in three centres which their results reveal that this model improves the system performance via decreeing the operation completion time.
literature review
Joseph and Sridharan (2011) simulated a manufacturing system with the aim of evaluating the efficiency of various scenarios. In this model, they considered a manufacturing unit with six working stations in which based on the special operational order, parts are processed among these stations.
In another study, the modelling, simulation, and analyses of rapid transportations systems of India were done by Rangarajan (2012) . To do so, they evaluated the efficiency and performances of this system by comparing its present features with the past ones and applied the real behaviour of both systems. They also used continuous simulation of the outcomes for the modelling of transportation systems and evaluated their different features. They also analysed the feasibility of a new system in their research.
Solano-Charris and Paternina-Arboleda (2013), in their research entitled 'Simulation model of the supply chain on a noval shipyard' performed the continues simulation of the outcomes in supply chain operations and to do so, they performed the supply chain modelling of naval shipyards, and through computerised simulations, the simulation of the processes were done. For the simulations, they used ARENA software.
In order research by El-Khalil (2013) , the analyses and optimisations of a new manufacturing system for the front suspension axle assembly process were done and they applied computerised modelling and simulations. This research is done by one of the biggest front suspension axle manufacturing company in North America and its main aim is the determination of the proper offline buffer loci for the assembly line in order to have the maximum production capacity despite all the financial and manufacturing limitations.
Simulation
Applying the present simulations dates back to late 1970s and their special significance and value were discovered by the introduction of the computers (Anderson and Ferris, 2008) . Simulation is mostly defined as a tool to examine different scenarios of a real system. Banks et al. (1996) have defined simulations as the mimicking of the operational process of a real system in time and Shannon has explained it as the process of designing the model of a real system and performing some experiments with this model with the aim of realising the system behaviour or evaluating different strategies for the system operations. Generally, the development and completion steps of the simulation model are the description of the problem, data collection, model generation, acceptance and confirmation of the model authenticity, and running the model. Computerised simulation is one of the most advanced and powerful tools for system analyses and through the modelling, performs the analyses on the servicing or manufacturing system performances (Azadeh and Maghsoudi, 2010) . In simulations, various experiments with different sets of states could be done which try to find an optimised for each process (Persson and Araldi, 2009) . Nowadays, simulations have become very popular via programming languages and computer software. One of this software which is applied in this study is the ARENA which is a high level one and is flexible to simulation languages (Shannon, 1975) . Generating graphic tools for the model and running the animation model of the problem has led to the application of ARENA in management and decision making problems (Arena Simulation, 2009). Schmidt and Taylor (1970) have stated that after generating any models, it could be applied for several times to analyse the plans and the proposed strategies, and the simulations and approximate input data can also be used to analyse any proposed system.
Technique of order preference by similarity to ideal solution
Multi-variable decision-making methods rank the options based on some variables. The aim of these methods is supporting the decision-makers in the process of selection between some options. In such methods, the final solution cannot usually satisfy all the options and it is in conflict with the solution of any criteria (García-Cascales and Lamata, 2012) .
Prioritising TOPSIS technique based on the similarity to ideal solution, which was first introduced by Hwang in 1981, is a multi-criteria decision making method (Yoon and Hwang, 1995) . This technique can be applied for ranking and comparing different options and selecting the best option. Among the advantages of this method is this that the applied criteria or indices for the comparison have different measurement scales and it includes the positive and negative indices. In other words, the positive and negative indices could be applied in a combinatory style in this technique. Based on this method, the best solution (option) is the one closest to the ideal solution and farthest to the anti-ideal solution. The ideal solution is the one with the greatest benefit and the lowest costs while the anti-ideal solution is the one with the greatest costs and the lowest benefits. To summarise, the ideal solution is obtained through the sum of maximum values of each criteria, while the anti-ideal solution is the sum of the lowest values of each criteria (Langkumaran and Kumanan, 2009 ). Because of the item comparisons with the best and the worst ones in TOPSIS, it could be one of the most suitable methods for service plans; that is, those problems arising in long term for the customers and due-to the lack of service-providing can be determined through low performances (Nejati et al., 2009) .
TOPSIS process includes the following steps (Jamali and Sayyadi, 2009 ):
Step 1 Normalising the decision-making process via norm-method:
2 ij ij ij a n a = ∑
Step 2 Measuring weighted no-scale matrix
Step 3 Step 4 Measuring the distance of each option with positive and negative ideals Step 5 Measuring the selection index.
The more than , i CL + the greater the rank is.
Methodology
At first, the manufacturing system which is under study is introduced. The purpose of this research is to study the manufacturing system of a company, evaluating its present problems, and determining those factors affecting on the efficiency increase. Here, at first the description of the problem were done and those data of interest were collected. Then ARENA software was used to design a proper model compatible with the company's operations, and then the simulations are done and the validation of the model is dealt with. Then those indices suitable for the manufacturing development are determined and some scenario are proposed to improve them, and TOPSIS method is applied to rank the scenarios. To do so, the trends of this study are as in Figure 1 . Step 1 The description of the problem
The home appliances manufacturing company is located in Isfahan area. The final assembling department of this factory is studied in this research. The employees of this department are 15 ones and they are working between 8:00 AM to 5:00 PM. The assembling line produces and assembles five types of home appliances. This department includes five working stations as the followings: electrical motor assembling station (Station 1), main frame and body assembling station (Station 2), final electrical inspection station (Station 3), final mechanical inspection station (Station 4), and labelling and packaging station (Station 5). The number of personnel and machineries operating and working in parallel are listed in Table 1 . In this manufacturing system, four kinds of products are concurrently assembled in five working stations. Each of these products has a clear and special sequence in these working stations. They enter via the input terminal and after passing in a specific sequence and time in each station, they are transported to the output terminal. The sequence of each working station is shown in Table 2 . Product transportation and movement between the stations and terminals are done with transporters which include manual and electrical lift trucks. There are three manual lift trucks which are responsible for carrying the parts among the stations. Two electrical lift trucks are also applied to carry the items among the terminals and the first and the last stations. The amounts of the 1st, 2nd, 3rd, and 4th products include 40, 40, 10, and 10% of the total products, respectively.
Table 2
The sequencing of work progress among work stations and process-time based on product type
Products Assembling (stations) steps
In this step, the probability distribution of each activity is defined (Table 3) .
Table 3
The sequencing of work progress among work stations and process-time based on product type Then, the probability distribution of material handling is determined (Table 4) . It is worth noting that the travel time (transportation time) between the stations depends on the speed of the transporters and the distance. The consecutive distances between the terminals and stations are presented in Table 5 . Step 2 Simulation of the present production line
Products Station 1/time Station 2/time Station 3/time Station 4/time Station 5/time
The present production line with the present conditions and without any improvement in the system is simulated with ARENA software. The simulated model is shown in Figure 2 . The obtained results are compared with the current system, and the scenario which improves the current system highly is chosen as the best scenario. Finally, current system is changed based on it.
Step 3 Model validation Model validation is a process which guarantees that the designed model behaves like the real one, and in contrast, the verification is the process which guarantees that the ARENA model treats based on the theories of interest for the model. In other words, the provided model should have an acceptable reliability level in order to have correct and exact results and conclusions and compatible with the system. Various approaches have been proposed to validate and increase the model reliability coefficient. One of these approaches includes the comparison of the model outputs with the ones of the real system. To do so, pair t-test is applied. In other words, the differences between each pair of observations are obtained and it is considered that these differences of the random variables have a normal distribution with the mean and deviation criteria of μ D and σ D , and the hypothesis test is μ D and σ D . According to the provided results, it is seen that the zero assumptions is acceptable and with the reliability of 95%. It could be stated that the outputs of the simulation model are equal to the ones of the real system.
Step 4 Determining the general indices improving the system
In this research, it is tried to consider those factors with the greatest influences on the system efficiency by considering the review of literature and experts' opinions. These influencing factors on the system are:
• Increasing the working period: in a working shift the reduction of the products in the manufacturing trend at the final hours of the operation could be an influential factor on the efficiency of a system. Accordingly, changing the working period from 8 hours to 10 hours a day can reduce the products in the manufacturing trend and increase the final number of the manufactured products.
• Increasing the number of the input terminals: at the present manufacturing system, there is just one input terminal. But due to the great traffic generated via uploading operations, the system efficiency could be improved via increasing the input terminals.
• Increasing the number of the output terminals: the lack of on-time delivery of the products to the customers and the increased inventory of the manufactures products in warehouses can reduce the system efficiency. Then by increasing the total number of the output terminals, the system efficiency could be increased.
• Increasing the number of inter-factory transportation systems: the lack of transportation systems like trucks and pick-up trucks in the factory leads to the latency of the raw material arrival and delivery to the production line and disorders in the manufacturing trends. This leads to the increase of the production duration and then, the customers' dissatisfaction are observed.
• Increasing the number of intra-factory transportation systems: the lack of on-time delivery of the products in the manufacturing trends and among the working stations increases the presence of the parts and products behind the machineries and interferes with the continuous production trend. Therefore, one of the improving factors in the managers' minds is increasing these machineries.
Step 5 Identifying important criteria and indices for decision-making
In this section, the most important criteria and indices for decision-making regarding the improvement of the present assembling line are determined based on the experts' ideas and review of literature. These criteria and indices are as the followings: a the average number of the manufactured products b the efficiency or productivity coefficient of the machineries c the average number of the products in the assembling trend d the average waiting time in the stations e the average time of the product transportation Following this step, the partial significance of each decision-making index is determined. To do so, pair comparison matrix is applied to determine the partial weight of the decision-making criteria. These steps are in this way that through questionnaires and interviews the significance of each criterion is evaluated and finally, by combining and merging the ideas, the partial weight of each criterion is obtained like the ones in Table 6 . Table 6 The partial weight of the decision-making criteria Step 6 Offering proposed options and simulation result analysis
Decision-making criteria Weight
According to five improving indices mentioned in step 4, their combination could be applied to increase the productivity and efficiency of the present conditions. To do so, ten possible combinations are expressed in Table 7 to improve the present conditions of the production line. In these combinations, it is tried to find a suitable and proper combination through some changes in the vital indices of the introduced system in order for the manufacturing system to operate with its highest and maximum efficiency. In the following, ARENA Simulation software is applied to simulate each of these ten proposed combinations. Then the results of each of these five decision-making criteria (the average number of the manufactured products, the efficiency or productivity coefficient of the machineries, the average number of the products in the assembling trend, the average waiting time in the stations, the average time of the product transportation) are obtained. Then the output results of the simulation results for each of these combinations, and multi-criteria decision-making tools are used to choose the best combination among the proposed ones. The simulation values of each combination are shown in Table 8 . Step 7 Selecting the proposed optimum combination based on the decision-making criteria with TOPSIS method
In the following, decisions should be made regarding the determination of the best proposed combination and selecting one of them based on the obtained results for the criteria. Therefore, TOPSIS technique is applied to prioritise different combinations of the production line. In this stage, the weighted decision-matrix is generated through multiplying decision-making matrix in the square matrix of the criteria weights, and then the ideal and anti-ideal options are generated and the distance of each item with them is determined. Finally, the similarity index of each item is found and accordingly, each proper and suitable index of each item is found and accordingly, each proper and suitable item is selected. The decision-making matrix depicted in Table 8 and TOPSIS technique is used to prioritise the options. These ranking results are shown in Table 9 .
As depicted in Table 6 , the similarity index for each combination is determined and the rankings are done based on them. That is, the greater the similarity index, the better the options of interest and the higher its ranking. Based on the obtained results, the first combination wins the first rank. In this combination, the working duration is 8 hours and two input terminals with one output terminal are considered. The numbers of inter-factory and intra-factory transportation systems are considered 12 and 8 hours, respectively, as well.
Discussion and conclusions
One of the problems of the production line is their lack of balance which leads to the system inefficiency. This problem of manufacturing system increases the production cycle duration and idle time, which finally decreases the production rate and increases the waiting time and transportation costs. Based on the significance of the production line efficiency, simulation tools could be applied to optimise those complex manufacturing systems which are not easy to solve with mathematical relations, and if the system of interest and under study is not an optimised one, they could be improved by reviewing all the improving strategies. Therefore, in this research, simulations are applied to analyse a manufacturing system. Decision-makers should continually look for optimum options for manufacturing processes. The present study deals with evaluating the proposed strategies by the mangers which are according to the improving criteria, and in this regard, TOPSIS and simulations techniques are used. Here at first, the modelling of the manufacturing system is done and ARENA software is applied for the simulation of the model. Then those influential factors affecting on the system efficiency were determined and various combinations of these indices were designed to make some changes in the system. The results of prioritising via TOPSIS revealed that the combination of 8 hours work, two input terminals, and one output terminal, 12 inter-factory and eight intra-factory transportation systems, is considered as the best one for the manufacturing system of interest.
The results of the present study help the organisational managers to easily evaluate their own companies or organisations and apply those improving strategies. In fact, the benefits of applying simulation by the organisational managers are as the followings:
• It reveals the performance of the manufacturing system.
• The features of the production line are accessible at any point of the time.
• It simulates the performance of the system in a short time while observing the real performances of the manufacturing system takes a long time.
• Compared to other methods it is cost-effective, and in some cases, it would be expensive or impossible to see the real performance of the manufacturing system.
• It provides some statistical reports of the production line and its status which helps the managers in the decision-making processes.
• It provides the possibility of comparing various manufacturing departments.
• The organisational managers can use these results to divide the tools and equipments again and propose some solutions to increase the efficiency.
Aside from the benefits of the present research, some limitations are also seen. For instance, the distance between the departments is not considered in the simulations. Logistic units, raw material suppliers, and human criteria, are not considered either. This point in worth noting that in this research, just the factors influencing on the internal structure of the organisations are focused, while they are also influenced by some external ones, too.
In future studies, the researchers can include and consider the distances among each department. The logistic units of the organisations can also be considered in the simulations, or the raw material suppliers or supply chains, as well. Researchers can also pay attention to human criteria like pay raise, bonus or punishments of the personnel and motivating the staffs which all are influential on the system performances. The researchers can also focuses more on the external factors of the organisations in their future studies.
